Abstract Recent research has demonstrated the critical role of the feeling of familiarity in recognition memory. Various neuroimaging paradigms have been developed to identify the brain regions that sustain the processing of familiarity; however, there is still considerable controversy about the functional significance of each brain region implicated in familiaritybased retrieval. Here, we focused on the differences between paradigms that assess familiarity, with or without the encoding phase. We used the activation likelihood estimation (ALE) algorithm to conduct a whole-brain meta-analysis of neuroimaging studies that involved a familiarity task. Sixty-nine studies, performed in healthy subjects to determine the specific functions of the identified regions in familiarity processing, were finally selected. Distinct subanalyses were performed according to the experimental procedures used in the original studies. The ALE clusters that were highlighted revealed common activations for paradigms with and without encoding in the prefrontal cortex and in the parietal cortex. Additionally, supplementary activations related to specific familiarity (i.e., without the encoding phase) were observed in the limbic system (i.e., the amygdala, hippocampus, cingulate cortex, and insula) and in the associative sensory areas. The differences in the reported findings for different procedures are possibly due to differences in the concept of familiarity. To aid the exploration of the neural correlates of familiarity in future studies, the strengths and weaknesses of these experimental procedures are critically discussed.
Familiarity processing is a crucial aspect of recognition, and it provides the feeling that an item has previously been encountered, independent of any recollection of the associated details. Numerous studies have been performed to evaluate recognition, Electronic supplementary material The online version of this article (doi:10.3758/s13415-015-0392-1) contains supplementary material, which is available to authorized users.
but there is still considerable controversy about the functional significance of each brain region consistently implicated in familiarity-based retrieval (Spaniol et al., 2009 ). In the current study, we hypothesized that discrepancies in the results of brain imaging studies that have explored familiarity may be due to the heterogeneity of the experimental procedures used to assess this phenomenon. To overcome this limitation, we conducted a systematic literature search and completed an activation likelihood estimate (ALE) meta-analysis of the retained published neuroimaging data concerning familiarity processing. Familiarity has been studied using two major approaches. The first one, based on the dual-process theory (Yonelinas, 1994) , relies on the discrimination between familiarity and recollection. This approach is based on the postulate that recognition memory depends on two memory retrieval processes, namely, familiarity, which is the feeling that a stimulus has been encountered previously without the recall of contextual details, and recollection, which occurs when subjects can retrieve the details linked to the initial exposure, such as where or when the first encounter occurred (e.g., Eichenbaum, Yonelinas, & Ranganath, 2007; Migo, Mayes, & Montaldi, 2012; Vilberg & Rugg, 2008; Yonelinas, 2001; Yonelinas, Aly, Wang, & Koen, 2010) . The second approach relies on the presentation of Bpersonally^familiar stimuli (i.e., stimuli that the participant has personally experienced previously; Ramon, Dricot, & Rossion, 2010) . These two approaches differ in that, in one case, familiarity is specifically generated for the test and the same stimuli can be used for any participant, while in the other case, familiarity is a consequence of natural exposure in daily life and is based on stimuli that refer to the participant's personal life. To our knowledge, familiarity has always been studied according to one of these approaches, but no one study has attempted to compare results between the two approaches.
Various paradigms have been developed to test familiarity processing according to these two approaches. First, paradigms have been used to estimate the respective contributions of familiarity and recollection during recognition tasks. They are performed in two steps: (1) an encoding phase and (2) a test phase. During the test phase, the participants are asked to distinguish known stimuli (previously presented in the encoding phase) from new stimuli. Recognition is considered to be based on recollection or familiarity, according to the ability of the participants to recollect some specific aspects of the encoding conditions present when the stimulus was encountered (Yonelinas et al., 2010; Yonelinas, 2001) . In Remember/Know (R/K) paradigms, participants are required to complete a subjective evaluation of familiarity;; that is, they are asked to provide a BRemember^answer if recognition is accompanied by a conscious recollection of information and a (Know^answer if they recognize a stimulus without being able to say when or where (Diana, Yonelinas, & Ranganath, 2007; Guillaume et al., 2007; Mayes, Montaldi, & Migo, 2007; Yonelinas, 2001 ). In source memory retrieval paradigms (also called associative or context recognition paradigms), recollection is assumed to reflect the ability to retrieve source information available at the time of encoding, while familiarity is the ability to recognize items that are not recollected (Libby, Yonelinas, Ranganath, & Ragland, 2013) . Stimuli are presented in different contexts (such as various font colors or spatial positions) in context recognition paradigms or with another item in associative paradigms, and at the test the participants are asked to decide whether a stimulus is Bold^(i.e., had been presented during the encoding phase) or not, and then to identify the context for each Bold^stimulus (Cansino, Maquet, Dolan, & Rugg, 2002; Lefèbvre et al., 2010; Migo et al., 2012) .
Alongside these paradigms that require qualitative assessments of familiarity, a second evaluation of familiarity uses a method in which participants are asked to rate the stimulus in terms of familiarity strength or confidence (Kim, 2010) . This method assumes that familiarity varies in a continuous manner and can thus be assessed quantitatively Montaldi, Spencer, Roberts, & Mayes, 2006; Ranganath et al., 2004; Yonelinas, Otten, Shaw, & Rugg, 2005) . The familiarity strength studies also have an encoding phase followed by a test phase. During the test phase, the participants were asked to indicate whether they remember the item being presented during the encoding phase. In each trial, the old/new decision was followed by a confidence rating (low to high), yielding a familiarity strength scale. An advantage of such paradigms, particularly in the brain-imaging context, is that they potentially allow the identification of familiarity-related brain regions (i.e., those regions that are associated with confidence recognition levels; Daselaar et al., 2006; Ranganath et al., 2004; Yonelinas et al., 2005) .
A third method to explore familiarity is based on stimuli that are specifically familiar for the participant (i.e., stimuli that refer to self-related emotional responses; Maddock, Garrett, & Buonocore, 2001; P. Qin et al., 2012) . This experimental method involves the presentation of specific familiar stimuli without requiring an initial encoding or familiarization task (P. Qin et al., 2012) . In these paradigms, which have a unique test phase, the participants are asked to detect familiar stimuli among unfamiliar stimuli. This task can be realized with famous stimuli (i.e., stimuli known by everyone) or with personally familiar stimuli (i.e., stimuli that are only familiar to the participant; Gobbini, Leibenluft, Santiago, & Haxby, 2004) . This approach, which does not involve an encoding phase, is expected to enable the specific and objective study of familiarity, independent of recollection.
Numerous studies seeking to reveal the neural basis of familiarity have been performed using one of these different types of paradigms (Diana et al., 2007; Johnson, Suzuki, & Rugg, 2013; Skinner & Fernandes, 2007; Squire, Wixted, & Clark, 2007) . On one hand, neuroimaging studies have been conducted using paradigms based on the dual-process theory.
In a previous review, Eichenbaum et al. considered studies that examined the subregions of the medial temporal lobe (MTL) that were activated by recollection or familiarity (Eichenbaum et al., 2007) . These authors found that among the 15 studies that have investigated familiarity contrasts, 13 produced evidence of the involvement of the perirhinal cortex (PRC), and that among the 19 studies that examined recollection contrasts, 16 reported hippocampal (HC) activation. Moreover, when familiarity was dissociated from recollection, several authors identified the PRC as critical for familiarity (Bowles et al., 2007; Brown & Aggleton, 2001; Eichenbaum et al., 2007; Kafkas & Migo, 2009; Ranganath et al., 2004; Ryals, Cleary, & Seger, 2013) . However, while some imaging studies have found PRC activation for familiar stimuli (Kafkas & Montaldi, 2012; Ryals et al., 2013) , others have found PRC deactivation (Brown & Aggleton, 2001; Eichenbaum et al., 2007; Ranganath et al., 2004; Ryals et al., 2013; Staresina et al., 2012) . Another review that did not focus on MTL regions was conducted to explore the brain structures that were associated with familiarity and recollection (Skinner & Fernandes, 2007) . This review revealed that familiarity relies on MTL regions but also involves the lateral prefrontal cortex (lPFC) and the parietal cortex (PC). When experiments that used confidence measures were considered, activities associated with increasing confidence in the feeling of familiarity were observed in the frontal lobe and the parietal lobe (Skinner & Fernandes, 2007; Yonelinas et al., 2005) .
On the other hand, brain regions that sustain familiarity processing have been explored by using paradigms that use specific familiar stimuli. A recent meta-analysis of imaging studies that sought to differentiate self-related processing and personal familiarity (P. Qin et al., 2012; P. Qin & Northoff, 2011) revealed that specific familiar stimuli might be associated with the responses of the posterior cingulate cortex (PCC). These findings appear to be consistent with the suggestion that the PCC may mediate interactions between emotional and memory-related processes (Maddock, Garrett, & Buonocore, 2003) . However, the meta-analysis presented by P. Qin et al. (2012) was only based on personally familiar (PF) stimuli and was conducted by combining several types of contrasts-PF versus unfamiliar (UF), PF versus self, PF versus baseline, and PF versus famous-in a unique analysis. Some regions that are involved in familiarity processing might not have been highlighted in this analysis due to the heterogeneity of the contrasts.
Different meta-analyses have previously been performed in order to highlight the brain networks involved in familiarity in an efficient and bias-free way. These studies sought to specify some of the disparate results in the literature about familiaritybased retrieval. For instance, Kim (2010) demonstrated the involvement of three distinct functional networks in episodic retrieval from the activations observed in Remember/Know paradigms. Hutchinson et al. (Hutchinson, Uncapher, & Wagner, 2009; Hutchinson et al., 2014) examined the roles of different subregions in the parietal cortex in episodic retrieval. In their study, Spaniol et al. (2009) aimed to compare the results from the experimental procedures that test subjective versus objective recollection. While these studies have focused on the differences in the results between the different paradigms based on familiarity/recollection dissociation, in our study, we focused on the differences between paradigms that used encoded stimuli versus specific familiar stimuli. Indeed, it has been postulated that the neural correlates of familiarity depend on how familiarity is operationalized (Frithsen & Miller, 2014) . We conducted separate ALE whole-brain meta-analyses of published neuroimaging data, using the three major approaches that were previously described, in order to clearly link the use of a familiarity process with the recruitment of the subportions of the identified network: (1) paradigms based on the recollection/familiarity dissociation, such as qualitative paradigms (R/K paradigms and source memory retrieval paradigms); (2) paradigms based on familiarity strength; and (3) paradigms based on specific familiar stimuli. The neuroimaging data that were included in the analyses were exclusively obtained from contrasts between familiar versus unfamiliar stimuli during memory retrieval. Moreover, these analyses were performed while simultaneously considering all stimulus types (regardless of the sensory modality involved) to ensure that the obtained results were amodal and did not reflect the brain structures that primarily subserve stimulus-specific pathways. A major concern about meta-analyses is the extent to which they mix studies that are different in type. In the present work, we chose to combine the results of studies that we considered to be sufficiently similar to be combinable, according to the type of familiarity to which they refer. Nevertheless, to prevent additional heterogeneity, we compromised by excluding contrasts other than familiar versus unfamiliar contrasts, as well as data recorded during the encoding phase, and by separately analyzing data from paradigms based on familiarity strength. Considering the results of previous studies, we hypothesized that the feeling of familiarity emerges from the concomitant recruitment of the medial temporal, parietal, and prefrontal regions. We predicted that the familiarity related to personal experience, laboratory-based perceptual exposures, or quantitative assessment of the familiarity would result in distinct outcomes associated with different types of operationalization of familiarity across these paradigms. Specific familiarity and familiarity that is related to laboratory-based perceptual exposures mainly differ in that they refer or do not refer to the participant's personal experience and self-related emotional responses. Thus, we predicted that the processing of specific familiar stimuli would mainly activate limbic structures. In contrast, we predicted that the processing of familiarity associated with laboratory exposures would mainly activate prefrontal and parietal cortex. Therefore, we expected to clarify the functional significance of each brain region consistently implicated in familiarity-based retrieval.
Material and method
Literature search and inclusion criteria A systematic literature search was conducted on PubMed (U.S. National Library of Medicine) using the keywords [(fMRI or PET or BOLD) and familiar]. We chose wide first-line criteria to avoid excluding relevant studies. No publication dates were imposed, but the final search was performed in December 2013.
The inclusion criteria for this meta-analysis were as follows: (1) adult studies, (2) fMRI or PET studies, and (3) familiarity tasks used in the studies. As previously described, we defined familiarity as the feeling of having seen a stimulus independent of the ability to retrieve where or when the stimulus was encountered (Montaldi & Mayes, 2010; Yovel & Paller, 2004) .
The following exclusion criteria were applied: (1) reviews and meta-analysis; (2) studies that did not report whole-brain analyses in standard reference spaces (i.e., Talairach or MNI spaces), encompassing studies that reported findings based on regions of interest (ROI; to avoid experimenter-imposed biases in the locations at which the effects were identified) (Bartra, McGuire, & Kable, 2013; Hardwick, Rottschy, Miall, & Eickhoff, 2013; Vilberg & Rugg, 2008) ; (3) studies that reported data recorded during the encoding phase (Skinner & Fernandes, 2007) ; (4) studies that did not report activation for the contrast examining familiarity versus unfamiliarity; (5) studies that did not report data from healthy participants; and (6) papers written in a language other than English or French. Additionally, data from the control groups of patient studies were included when these data were reported independently from the group comparisons. We chose to not include studies that provided contrasts only on familiarity versus recollection to prevent heterogeneity between the contrasts pooled within the same analysis and to avoid the risk of not highlighting activations of regions that would be involved in both familiarity and recollection.
For each study, the activation foci for the contrasts comparing familiarity with unfamiliarity were extracted. Finally, the following experimental characteristics were extracted: the number of subjects, the paradigm type, the acquisition system (PET or fMRI), stereotactic space, the contrasts tested, and the number of foci obtained for each contrast.
Statistical analyses
Data analyses were carried out using the activation likelihood estimation (ALE) algorithm (Eickhoff, Bzdok, Laird, Kurth, & Fox, 2012; Eickhoff et al., 2009; Turkeltaub et al., 2012) , which allows for the computation of coordinate-based random-effects meta-analyses of neuroimaging data, and implemented in GingerALE 2.3 (http://www.brainmap.org/ale). In the ALE method (Turkeltaub, Eden, Jones, & Zeffiro, 2002) , for a unidirectional contrast of interest (e.g., familiar vs. unfamiliar), each activation focus reported in the literature is modeled as the peak of a 3-D Gaussian probability distribution. The ALE value, calculated as the sum of these probabilities across studies, represents the probability that a voxel contains at least one of the activation foci. The cluster-size volume is calculated using the false discovery rate and the total volume above the threshold. The resulting minimum volume removes any cluster that is smaller than the allowed false positives, leaving clusters that should contain true positives. The numbers of participants in each included study were used to weight the contributions of each study to the parameter estimates. The analysis was corrected for multiple comparisons using a false-discovery rate (FDR) with a threshold value of q < 0.01. A minimum cluster size of 200 mm 3 was applied. The Talairach space (Talairach & Tournoux, 1988) was defined as the common stereotactic space for the meta-analysis, and the results that were reported in the MNI coordinates were converted into Talairach space using the icbm2tal transform (Lancaster et al., 2007) as implemented in GingerALE 2.3. The data were then grouped according to the contrasts and experimental paradigms employed.
Analyses were performed to specifically analyze the roles of the different components in the previously identified network as follows:
1. Activations in response to Bencoded^familiar stimuli (EF) versus UF stimuli, 2. Activations correlated with the confidence levels in the feelings of familiarity in response to EF [(EF) corr.], 3. Activations in response to specific familiar (SF) stimuli versus UF stimuli.
The resulting thresholded ALE maps were visualized on a flat-map representation overlaid on the ICBM-152a standardized brain atlas using Mango software, which is an anatomical image overlay program (http://ric.uthscsa.edu/mango//mango.html).
Results

Results of the systematic literature review
The systematic literature review identified 2,295 potential journal articles. According to the exclusion criteria, 1,723 studies were excluded based on their titles and abstracts. Of the remaining 572 studies, 504 articles were then excluded based on the aforementioned criteria. To accurately determine the effects of different procedures on the results, we did not include foci from contrasts that combined different procedures (e.g., contrasts that combined Bnatural familiarity^and Bfamiliarity^as opposed to recollection). Finally, 69 studies fulfilling all criteria were included in the meta-analyses, as synthesized in Figure 1 .
The 69 included studies were published in English and specifically tested familiarity, and each study was conducted with healthy subjects. These experiments grouped 996 participants and provided 771 foci. In five of these experiments, the data were extracted from adult control samples from patient comparative studies (schizophrenia = 2, neurodegenerative disease = 2, and autism = 1). Fifty-five studies used Bparadigms with specific familiar stimuli^[(SF) > (UF)], nine used paradigms with Bencoded stimuli^and a qualitative assessment [(EF) > (UF)], and five used paradigms with Bencoded stimuli^and Bconfidence-level evaluations^[(EF) corr.]. The details of the 69 included studies are summarized in the Table 1 .
Results of the analyses
The [(EF) > (UF)] analysis revealed selective activations in the prefrontal cortex (PFC) and in the PC. Selective analyses of the studies that reported [(EF) corr.] revealed activation in the left precentral gyrus. The contrast [(SF) > (UF)] revealed significant activations in the PFC and the PC as well as in the limbic system, the fusiform gyrus, the temporal gyrus, and the occipital gyrus (see Table 2 and Figure 2 ).
Smaller minimum cluster size analyses
Numerous studies that have focused on the MTL have found PRC activations related to familiarity. To ensure that the use of a minimum cluster size of 200 mm 3 did not result in the underestimation of smaller structures, such as the PRC, the previously described analyses were performed with a minimum cluster size of 100 mm 3 . Activations were observed in the MTL in the same regions as those highlighted by the analyses with a larger minimum cluster size (HC and amygdala); however, the results did not reveal greater activation of small MTL structures; specifically, no PRC activations were observed (cf. Table 3 ).
Discussion
In the present study, we aimed to clarify the brain regions that support familiarity processing. We proposed that the discrepancies in the available imaging findings were related to the heterogeneity of the experimental procedures used in previous studies to assess familiarity. To test this hypothesis, separate coordinate-based meta-analyses of functional imaging data were conducted for different familiarity paradigms.
Common activations for paradigms with and without encoding using a qualitative assessment [(EF) > (UF)] and [(SF) > (UF)]
The analyses revealed common activations for both paradigms with and without encoding phases in (1) the PFC (lateral, medial, and superior) and (2) the PC (BA 39/40). Although most researchers restricted their analyses to the MTL, others have reported PFC involvement in familiarity (e.g., Aly, Yonelinas, Kishiyama, & Knight, 2011; Henson, Rugg, Shallice, Josephs, & Dolan, 1999) . Familiarity processing can be considered as a signal-detection/retrieval process that necessitates stages of memory assessment and decision (Yonelinas et al., 2010; Yonelinas, 2001 ). These two processes are known to involve the PFC (Aly et al., 2011; Henson et al., 1999; Kafkas & Montaldi, 2012; Ragland et al., 2012; Rugg, Fletcher, Frith, Frackowiak, & Dolan, 1996) . In the current study, the left lPFC was predominantly found to be activated during familiarity processing. Previously, this region has been shown activated during context memory retrieval tasks and has been postulated to be implicated in cognitive control processes that guide access to relevant information from semantic memory (Badre & Wagner, 2007) . Nevertheless, some authors have shown that patients with left PFC lesions display context memory deficits but not impaired recollective processing, measured by the R/K procedure (Duarte, Ranganath, & Knight, 2005) . This has led to suggest that when the level of control, or effort, needed to perform a memory task increases, additional left PFC-mediated processes may be required (Skinner & Fernandes, 2007) . Thus, lPFC activation would reflect that processing of stimuli that are identified as familiar may engage a more exhaustive search for details, which suggests more detailed processing of familiar stimuli (Wheeler & Buckner, 2004) . In contrast, it has been suggested that the mPFC may belong to a system (in association with amygdala and ACC) that exerts emotion-driven influences on action selection (Ernst & Paulus, 2005; Müller, Cieslik, Laird, Fox, & Eickhoff, 2013; Ridderinkhof, Van den Wildenberg, Segalowitz, & Carter, 2004) . Thus, both in the paradigms with and without encoding, activations within the lPFC (i.e., the inferior frontal gyrus) may be associated with the cognitive assessment of familiarity, whereas those within the medial PFC (mPFC) may reflect affective appraisal (Ernst & Paulus, 2005; Martínez-Selva, Sánchez-Navarro, Bechara, & Román, 2006; Ridderinkhof et al., 2004) . In the PC, the inferior parietal lobule (BA 39/40) was also found to be activated in our analyses of both specific familiarity and familiarity from encoding paradigms. Numerous functional neuroimaging studies have revealed that recollection and familiarity not only depend on the MTL and the PFC activities but also are consistently associated with activity in the lateral posterior PC, including the intraparietal sulcus (in the dorsal PC) and the inferior parietal lobule (in the ventral PC; Hutchinson et al., 2009; Skinner & Fernandes, 2007; Vilberg & Rugg, 2008) . Based on the results of these studies, different models have been proposed to account for the role of PC in attention and memory, suggesting a dorsal/ventral dissociation (Cabeza, Ciaramelli, Olson, & Moscovitch, 2008; Frithsen & Miller, 2014) . According to these models, dorsal parietal areas are involved in the top-down allocation of attention, while ventral parietal areas mediate bottom-up attention to retrieved contents (Spaniol et al., 2009) . A dorsal/ventral dissociation has also been evidenced in memory retrieval, although the parietal regions implicated were revealed to be distinct from those associated with the attention process (Hutchinson et al., 2009; Nelson, McDermott, Wig, Schlaggar, & Petersen, 2013) . Thus, dorsal PC has been proposed to contribute to familiarity-based judgements while regions in the ventral PC have been proposed to support the representation of recollected information (Ciaramelli, Grady, & Moscovitch, 2008; Vilberg & Rugg, 2008) . Nevertheless, different studies showed that ventral PC activity could be associated with familiarity, as found in our study. This familiarity-related activity was notably observed when the R/K paradigm was used (Frithsen & Miller, 2014) . In another study, activations in the ventral PC regions were observed when the studied items were correctly identified as well as when new, unstudied items were mistakenly judged to be old (Wheeler & Buckner, 2003) . Ventral PC activity was therefore proposed to be sensitive to the subjects' perception or decision that items had been previously experienced Encoded familiarity = 14 EF-UF = 9 EF corr. = 5
Note. n = number of subjects included in the analysis, SF = specific familiar, EF = encoded familiar, UF = unfamiliar, corr. = correlation with the feeling of familiarity . Furthermore, a recent study showed that within the ventral PC, the angular gyrus and the temporoparietal junction differed substantially in their response characteristics, suggesting that the ventral PC cannot be considered to be a single functional unit (Hutchinson et al., 2009; Hutchinson et al., 2014) . Thus, the temporoparietal junction and the supramarginal gyrus belong to the network involved in attention reorientation, while the angular gyrus is included in the Bdefault network,^which is implicated in internally focused tasks (Hutchinson et al., 2014) . The supramarginal gyrus/temporoparietal junction region has been found to be activated in our analyses of both specific familiarity and familiarity associated with encoding paradigms. On the contrary, the angular gyrus is only activated by specific familiarity contrasts, which corroborates its role in the tasks that are related to personal experiences. Our results confirmed the role of the ventral parietal areas in familiarity processing and the involvement of the angular gyrus in self-referential tasks. Nevertheless, further exploration may shed light on the relative contributions of parietal subregions to familiarity. The assumption of a coactivation of the frontal and parietal areas in familiarity appears consistent with the results from previous event-related-potentials studies that have shown that responses recorded in the parietal and frontal locations are sensitive to familiarity (Gobbini & Haxby, 2007) . While we expected that specific familiarity would mainly be supported by structures involved in emotional processing, cognitive and attentional processes appear also to be necessary in the specific familiarity processing. As a whole, we posit that PC activation in familiarity processing may reflect the integration of information and the orientation of attention to information that is specifically relevant to a given stimulus; PFC activation may reflect the affective appraisal and decision-making processes required to consider a stimulus as familiar.
Activations related to specific familiarity
While prefrontal and parietal regions are involved in the processing of familiar stimuli regardless of the paradigm (i.e., with or without an encoding phase), in paradigms that involve specific familiarity [(SF) > (UF)], activations were also observed in the limbic system (LS), which encompasses the amygdala, the HC, the cingulate cortex (ACC and PCC) and insula, the sensory cortices (temporal gyrus and occipital gyrus), and the fusiform gyrus. LS is known to be involved in the integration of emotional states with cognition and behavior, consolidating memories, and forming emotions (Catani, Dell'acqua, & Thiebaut de Schotten, 2013) . Because specific familiarity refers to the stimuli for which the participants have personal experience and that are associated with self-related emotional responses (Maddock et al., 2001; P. Qin et al., 2012 ), it appears obvious Note. Threshold fixed at q < 0.01, FDR-corrected. Lat. = laterality, BA = Brodmann's area, Vol. = volume in mm that familiarity with standardized stimuli that are encoded in laboratory settings does not constitute the same process that is involved in the complex and emotionally salient familiarity related to specific familiar stimuli. More specifically, the amygdala appears to have roles in emotional experience and in affective processing (Sabatinelli et al., 2011; White et al., 2008) , and the insula has been demonstrated to be involved in the processing of subjective feelings (Singer, Critchley, & Preuschoff, 2009 ) and to play a prominent role in the detection of salient stimuli (Menon & Uddin, 2010) . Within the LS, the amygdala and the insula both appear to support the emotional response that is experienced when perceiving specific familiar stimuli (Gobbini & Haxby, 2006) . Furthermore, activations were also observed in the anterior and posterior cingulate cortices. The cingulate cortices were shown to ensure the regulation of information flow between the limbic and prefrontal regions (Walton & Mars, 2007) . The ACC has been described as the center of the brain's selfregulatory system, integrating inputs from diverse sources to regulate responses and guide behavior (Bush, Luu, & Posner, 2000; Kelly et al., 2009 ). In our analysis, ACC activations were found in the rostral portions, which have been reported to be implicated in evaluative functions, including processing of conflict, response to errors, reasoning, and decision making, and in social cognitive functions, such as mentalizing and self-reflection (Ernst & Paulus, 2005; Fleck, Daselaar, Dobbins, & Cabeza, 2006; Frith, 2002; Kelly et al., 2009 ). Moreover, the PCC has been particularly highlighted by Qin et al. (P. Qin et al., 2012) in a study that sought to differentiate specific familiarity and self-related processing. In agreement with previous reports (Cloutier, Kelley, & Heatherton, 2011; . Gobbini & Haxby, 2006; Jurjanz et al., 2011; Maddock et al., 2003; P. Qin et al., 2012) , the PCC appeared to be a key structure for specific familiarity in the present study.
The HC and PHC were also found to be activated by specific familiarity. While the HC and PHC are known to support recollection, their role in familiarity remains unclear Song, Jeneson, & Squire, 2011; Squire et al., 2007; Wixted & Squire, 2011) . Several authors have suggested that these structures are selectively involved in recollection and are insensitive to familiarity (e.g., Diana et al., 2007; Eichenbaum et al., 2007; Montaldi & Mayes, 2010; Ranganath & Ritchey, 2012; Yonelinas et al., 2005) . However, the type of stimulus used in specific familiarityrelated paradigms can be a strong source of variability. For example, when studies use famous faces, the images are often Biconic^pictures of celebrities (e.g., Che Guevera or Marilyn Monroe; Ramon, Caharel, & Rossion, 2011) that are likely to promote both familiarity and recollection processes. Therefore, the hypothesis of recollection-related activations during specific familiarity processing cannot be fully excluded. Nevertheless, if HC activation was only due to recollection, this could be observed in paradigms both with and without encoding. The HC activation limited to specific familiarity suggests a link with emotional content of familiar stimuli. This hypothesis is notably supported by the observation that memory performances are better for emotional events, when compared with neutral events (Bennion, Ford, Murray, & Kensinger, 2013; Buchanan, 2007) . More accurately, amygdala activation has been shown to prioritize memories (Bennion et al., 2013) , and this improvement in memory depends on interactions between the amygdala and the HC (Buchanan, 2007; Phelps, 2004) .
Finally, activations were observed in the sensory cortices (temporal gyrus and occipital gyrus) and notably in the fusiform gyrus. The involvement of the fusiform gyrus in face perception has been demonstrated for many years (Kanwisher, McDermott, & Chun, 1997; Fairhall & Ishai, 2007; Haxby, Hoffman, & Gobbini, 2002) . Nevertheless, Tarr and Gauthier (2000) collected evidence that the fusiform gyrus is associated with the processing of objects for which observers are experts. In order to determine whether the activation of the fusiform gyrus in our analysis is related to the processing of face stimuli, we conducted a new analysis in which only studies that used face stimuli were included (see results in Supplementary File 1). This Bface stimuli^analysis did not reveal activation in the fusiform gyrus. This result implies that fusiform gyrus activation in our specific familiarity analysis is not due to the overrepresentation of experiments that used face stimuli. Greater activation of the sensory cortices and the fusiform gyrus may reflect a stronger perceptive processing of specific familiar stimuli, compared with unfamiliar stimuli (Ramon et al., 2011) . The amygdala has been described as having a role in enhancing the perception of emotionally arousing stimuli (Maddock et al., 2003) . Given its connection with the sensory cortices (Pourtois, Schettino, & Vuilleumier, 2013; Richter-Levin & Akirav, 2000) , the amygdala may promote activations related to familiarity in the visual (occipital gyrus) and auditory (temporal gyrus) cortices (the majority of the studies included in this meta-analysis used visual or auditory stimuli), which accounts for the preferential perceptive processing of familiar stimuli (Skinner & Fernandes, 2007) . Therefore, specific familiarity appears to be a result of a spatially distributed process that involves areas participating in cognitive, emotional, and sensory functions.
Absence of PRC activation
In contrast with a few previous neuroimaging studies, the PRC was not found to be activated in familiarity processing in the current meta-analysis. Although caution is required when interpreting negative findings, the absence of PRC activation could be explained by several factors. First, a confused nomenclature has burdened the PRC and its location is often confounded with that of its neighbors (Augustinack et al., 2013) . Augustinack et al. recently performed a probabilistic mapping based on high-resolution ex vivo imaging to predict the location of the PRC in the human brain and concluded that the term Bperirhinal cortex^should only be used to refer to Brodmann's area 35. Second, PRC activations have primarily been observed in studies that have focused on the MTL or directly observed in analyses that were based on ROI strategies (i.e., studies that did not report whole-brain analyses and were thus excluded from our analyses). Reiteration of the meta-analysis by applying a smaller minimum cluster size (i.e., with a minimum cluster size of 100 mm 3 ) did not result in the detection of PRC activation. Finally, many of the studies that have highlighted the involvement of the PRC in familiarity have found that PRC activation increases with the decreasing confidence (Eichenbaum et al., 2007; Montaldi et al., 2006; Skinner & Fernandes, 2007) . The purpose of the present meta-analysis was to precisely determine which neural networks are recruited by familiarity processing, and, to this end, we only considered brain structures that were activated by familiar stimuli processing. In contrast, familiarityassociated PRC deactivation suggests that the PRC may play a role in the detection of novel objects (Augustinack et al., 2013; Brown & Aggleton, 2001) . Further analyses regarding deactivation are required to clarify this point and determine the exact role of PRC in familiarity.
Differences in the concept of familiarity lead to differences in the cerebral networks that are recruited On one hand, familiarity based on encoded stimuli appears as a cognitive process that involves PFC and parietal activations. On the other hand, specific familiarity appears to result from a complex interplay between cognitive, emotional, and sensory functions that are supported by different subnetworks. In the case of specific familiarity, different models based on patient behavioral data have been proposed for recognition of faces and people (Bruce & Young, 1986; Burton, Bruce, & Johnston, 1990) . To reconcile these models, it has been hypothesized that familiarity may be a complex system based on (1) an objective component linked to the number of times the subject has been exposed to the stimulus, (2) a subjective component formed by the personally relevant and emotional experiences, and (3) a control component (Gainotti, 2007) . Paradigms that are based on specific familiar stimuli account for these three components: PFC and parietal activations would reflect the objective and control components, and activations of the limbic structures would reflect the emotional processing that is particular to specific familiarity; the interaction between information from the limbic and the prefrontal regions would be ensured by the cingulated cortices (Ridderinkhof et al., 2004; Walton & Mars, 2007) ; and the activation between the amygdala and the sensory cortices would account for the preferential perceptive processing of familiar stimuli.
In contrast, because stimuli that are employed in encoding paradigms have not been personally experienced, these methods would only test familiarity in its objective and control components. Accordingly, the emotional component would not be integrated in the feeling of familiarity and would be considered as dissociated from familiarity per se. Some authors consider that emotional response to a familiar face should be dissociated from recognition of the familiar visual appearance (e.g., Gobbini & Haxby, 2006) . Thus, encoded familiarity would be based on activations of PFC and PC, which have been assumed to be involved in the convergence of information to generate an integrated processing and in cognitive control and decision making. Paradigms that highlight cognitive processes related to familiarity are based on discrimination between familiarity and recollection. Nevertheless, these paradigms present some limitations, precisely a difficulty in accurately distinguishing between these two processes (Diana, Yonelinas, & Ranganath, 2008; Migo et al., 2012; Montaldi & Mayes, 2010; Vilberg & Rugg, 2008; Wais, 2008) . For example, R/K paradigms, which are some of the most commonly used paradigms to assess familiarity in the cognitive neuroscience literature, are based on subjective responses, and it has been shown using post hoc tests that the BKnow^responses are regularly associated with source recollection (Wais, 2008) . In source memory retrieval paradigms, source or context recognition are known to be supported by familiarity when the item and its context are unitized during encoding, which occurs when the contextual information is encoded as a feature of the item (e.g., the item and its color; Diana et al., 2007; Elfman, Parks, & Yonelinas, 2008; Parks, Murray, Elfman, & Yonelinas, 2011) . Another issue is that participants may fail to retrieve the source memory questions but may be able to retrieve task-irrelevant source information about the study episode (Kafkas & Migo, 2009; Song et al., 2011) . Furthermore, it has been suggested that the processing of a studied stimulus could elicit a weak activation of the associated context, even when recollection fails, leading some authors to define a Bcontextual familiarity^ (Addante, Ranganath, & Yonelinas, 2012) . This context familiarity would contribute to the difficulty of accurately distinguishing between familiarity and recollection. It would have been particularly suitable to distinctly analyze R/K paradigms and source memory retrieval paradigms in order to test whether brain activations remain consistent within procedures with encoding, as shown in a recent study (Spaniol et al., 2009) . Unfortunately, the number of studies was not sufficient for such an analysis. Although we could not confirm the result of Frithsen findings with our meta-analysis, our data agree with the conclusion that the neural correlates of familiarity depend on how it is operationalized (Frithsen & Miller, 2014) .
It should be noted that several brain regions (i.e., the inferior parietal lobule, the MTL, the mPFC and the Pr/PCC region) that were identified in a previous meta-analysis focused on semantic processing (Binder, Desai, Graves, & Conant, 2009 ) were found to be activated during familiarity processing in our metaanalysis of specific familiarity. Various authors have suggested that familiarity can be compared to semantic information, whereas recollection refers to episodic information (Skinner & Fernandes, 2007; Yonelinas, 2002) . However, this idea has been challenged (Waidergoren, Segalowicz, & Gilboa, 2012) , and several reports suggest that familiarity processing cannot be reduced to the retrieval of semantic information. First, a recent study found that semantic information was associated with specific familiarity but that this association cannot be easily generated through large numbers of laboratory-based perceptual exposures (X. A. Qin, Koutstaal, & Engel, 2014) . Accordingly, the close link between semantic knowledge retrieval and familiarity experience concerns specific familiarity alone. Second, the regions that were specifically found activated in familiarity, particularly in the LS and sensory cortices, are not associated with semantic processes. Thus, although familiarity is a process that is closely associated with semantic retrieval and, in some cases, automatically activates a large amount of semantic information (Rossion, Schiltz, Robaye, Pirenne, & Crommelinck, 2001) , these are two different processes. It is notably possible that familiarity may occur without semantic information retrieval when a stimulus is perceived as having been encountered already; however, it is not possible to retrieve the associated information, neither the semantic information (i.e., timeless details such as the name of the person or the place) nor the episodic information (i.e., details linked to the previous exposures, such as where or when the first encounter occurred).
Finally, paradigms that report the correlations between BOLD intensities and confidence ratings are relevant for detecting the brain regions whose activations are correlated with the intensity of the feeling of familiarity. Considering that familiarity reflects the assessment of quantitative memory strength (Yonelinas et al., 2010; Yonelinas, 2001) , familiarity may linearly increase as a function of perceived oldness. Although these paradigms are statistically less powerful than comparative methods, they should be useful for accurately discriminating familiarity from recollection Ranganath et al., 2004; Yonelinas et al., 2005) . Our metaanalysis highlighted that the region identified as significantly activated by these paradigms is the precentral gyrus in the lPFC. This suggests that a cognitive operation involved in the decision-making contributes to the confidence level in the feeling of familiarity. Nevertheless, the limited number of studies included may have led to this unique result. Further studies will be necessary to determine if activations in other regions could be correlated with the intensity of the feeling of familiarity.
The present quantitative review confirmed our hypothesis that the heterogeneity of the experimental procedures used to assess familiarity led to discrepancies in the results of brain imaging studies. Although we acknowledge that the number of studies included for the [(EF) > (UF)] and ([(EF) corr.]) contrasts was smaller than that for the [(SF) > (UF)] contrast, it appears obvious that familiarity with standardized stimuli that are encoded in laboratory settings does not constitute the same process that is involved in the complex and emotionally salient familiarity induced by specific familiar stimuli (Trinkler, King, Doeller, Rugg, & Burgess, 2009) . The resulting heterogeneity between the procedures is possibly due to differences in opinion regarding the concept of familiarity, and we join the idea that a more consensual approach to familiarity appears to be essential in determining the neural correlates of familiarity (Maddock et al., 2001 ).
Conclusions
Currently, the known divergences in the findings of brain imaging studies that have investigated familiarity reflect the lack of a reliable assessment of this construct (Kafkas & Migo, 2009) . Based on an ALE meta-analysis of 68 published functional studies that grouped 979 participants, we were able to unravel these apparently conflicting results. A long-range brain network was identified for specific familiarity, including the LS, the PFC, and the parietal and associative sensory regions. Thus, specific familiarity can be considered a metaprocess that results from the integration of different processes that could be associated with the different components that have been identified to support familiarity. However, in paradigms with encoding, only prefrontal and parietal activations were observed, suggesting that when considering familiarity from the dual-process theory, emotional response is dissociated from familiarity. Crucially, this work highlights the influence that procedure selection can have on the final results. We believe that a more consensual approach to familiarity would allow for the functional recruitment of the dedicated structures identified in this meta-analysis.
